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ABSTRACT 
“Creating unreal audio” refers to the act of designing a sound effect that is intended to sound 
like a completely fictional object. This thesis is a practical venture into digital audio design. 
During the process of creating a sound effect anchored in a specific thematic framework, I 
will describe my work process and the challenges and problems faced, showing my personal 
work process and how modern digital sound effect creation can be undertaken. To provide 
context, I will also describe and reflect upon the past and present of sound design for 
videogames and cinema, as well as reflect upon my work in a theoretical framework grounded 
in relevant literature, with an emphasis on the methodology of successful sound design for 
games. Attached is a step by step documentation of how this sound effect was made. 
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INTRODUCTION 
ABOUT THE THESIS: 
 
This thesis is primarily about sound design. Mostly in a practical sense, because the object of 
the thesis is to perform sound design, but I also aim to describe how I create sounds for my 
own computer game projects. In the lead-in to the practical part, I will discuss some of the 
theoretical concerns and interesting ramifications of the problems faced in contemporary 
audio production for games. 
While good and practical sound design is almost universally required in all fields of media 
today, I feel there is a lack of literature on the subject of how to produce sound effects. The 
practicalities of sound design are always left up to the designer, and whatever arcane work 
method they use is seldom discussed in public or in academia. During my search for source 
literature, I quickly discovered there was a host of material on subjects and on problem areas 
that can be seen as tangentially related to sound design, but little on the art of sound design 
itself. 
Because of this, I decided to write a thesis about how I personally work on my own sound 
effects, and provide ample material for the reader to gain insight into why I do things in a 
certain way, as well as discuss some interesting complexities encountered along the way. 
My goal is to provide a base for further discussion about the topic, and to foster interest in the 
field of sound effect creation. I also want to illustrate the illusory aspect of sound effect 
design, and how multiple aspects of a video game – graphics, writing and audio – should 
reinforce each other in order to create a stronger suspension of disbelief. To provide 
background, I also discuss how game sound can be differentiated from movie/TV sound. 
At the core of the thesis is the question of how to represent a sound created by a fictional or 
“unreal” object in an aesthetically pleasing, convincing manner. 
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THE GOAL OF THE THESIS/PROBLEMSTILLING 
 
The objective of this thesis is to produce a complete set of sound effects for one fictional 
weapon, for usage in a computer game, according to the theoretical and practical concerns 
laid out in the text, using an entirely digital work method. 
 
ABOUT SOUND EFFECTS AND THE HISTORY OF SOUND DESIGN 
 
Audio design is a field with many applications. The people working in the field tend to have 
very individual approaches to their work, and little in the way of formal education on the 
subject exists. Historically, a lot of sound design has its roots in simple, pragmatic work – you 
need the sound of a person walking across a wooden floor, so you have the sound guy record 
an engineer going for a stroll down the hallway. You need the sound of wind whistling, you 
put the microphone next to a window opened to a crack. The foley man has been an 
ubiquitous member of radio and cinema for close to a century, yet his work often goes 
unappreciated by the audience.  
To me, the interesting aspect of sound design is what happens when you need to create a 
sound to anchor the believability of something that does not exist. Truly, nothing in a movie 
or videogame actually exists, but there is a marked difference between recording the sound of 
a coffeemaker brewing a cup and putting it in a breakfast scene, and trying to create 
something that could pass for the sound of wizard tearing open the fabric of reality.  
Historically, engineers who needed to create original sound effects used a foley-based 
approach, where you recorded a sound in situ and then used it in a new situation. For instance, 
one of the most stereotypical “laser” sound effects, the “peoww” sound, with a sharp transient 
and then a plucked, decaying pitch, was created by plucking the anchoring wire of a broadcast 
antenna, a natural acoustic function of a long metallic medium being disturbed in this manner. 
(Bick, 2010) 
If you use a sound with no prior associations in the listener, in a completely novel situation, 
you can suspend disbelief. Given time, this sound will have a new association in itself and 
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gain authenticity as the sound of what it represents. The laser sound effect is a good example 
of this – if you ask anyone what a laser sounds like, they’d probably mimic this “peoww” 
noise, rather than the more plausible “bzzz” or “hummmm” that powerful lasers give off in 
reality. 
So in theory, repurposing a real-world sound that people do not have a prior association with 
is just as effective as creating a sound from scratch, especially because real, acoustic audio 
sources have inherent timbral sophistication that synthetic sounds have to imitate. 
 
“It’s all part of what I call the “language” of sound effects.  As a sound designer, it’s to your 
benefit to understand what came before you, because audiences are somewhat conditioned by 
those traditions.  That way, when you go to create a new monster or spaceship sound, you 
don’t have to imitate what came before, but you can come up with something brand new that 
builds on the past.” – Ben Burtt, Star Wars sound designer (Editors Guild Magazine 
interview, Kunkes, 2009) 
 
A lot of modern sound design is done as a collage
1
, where one layers samples or sounds from 
different sources, and then mixes together and edits the material so that it ends up as a new 
whole, with the original source material hard to discern. 
Personally, this tends to be how I work, and it is the easiest way to create convincing results 
when you work in an entirely digital environment, with as little in-the-field recording as 
possible. 
Because the effectiveness of primarily recording-based sound design is well understood (take 
Ben Burtt’s work on Star Wars as an example) this thesis will serve to provide insight into a 
work method that primarily involves synthesis, sampling, effect chains, and the possibilities 
offered by a modern Digital Audio Workstation.  
Before discussing my work method, I will first provide some background and insight into 
sound design and sound effects in general. 
 
                                                 
1
 In this sense, a layering of discrete audio elements 
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SOUND EFFECTS VERSUS FOLEY 
 
There is some contention as to what the difference between sound effects and foley actually 
is. I believe it is a matter of context, and a question of degree. We take foley to mean 
environmental audio reproduced after a motion picture production has been edited together, so 
that the sound will fit the edited footage. (“foley technique (cinema) -- Encyclopedia 
Britannica,” n.d.) If going by this definition, one could argue that the foley term is almost 
meaningless when applied to video games, where everything is an attempt to anchor 
something distinctively fake in reality. In this case, foley could then simply mean “inserted 
environmental audio”. 
Modern foley production is designed to sound more real than a simple in-the-field recording 
of the sound to-be-conveyed would. Often, in the case of innocent foley such as the sound of 
footsteps, the audience can tell the fake from the real with considerable effort (Götzen, 
Sikström, Grani, & Serafin, 2013), although in some cases, the fake is preferred over the real. 
(Heller & Wolf, 2002) 
Foley, in the sense of reproducing environmental audio deliberately, can be argued create an 
effect of hyper reality. In the sense of foley, it can be hard to disseminate the real from fakery, 
and an argument can be made that whether something is ‘real’ or not, no longer constitutes a 
meaningful question. (Oberly, Nicholas, 2003)  
I will argue that in idealized terms, foley is simply sound that represents what is taking place 
on the screen, but is not, actually, the sound of what you see. For instance, if you were to film 
a car driving down a road, and then later record a car driving down a road and use it in the 
soundtrack, that would be an example of foley. You would only alter the sound to the point of 
making it unrecognizable as the sound of a car if you wanted to subvert the audience’s 
expectations or make a creative statement, and then the sound would cease to be foley, and 
begin to be a sound effect.  
If you animated a futuristic hover car speeding down a road, you might have to use a sound 
designer or foley artist to create the novel sound to represent this hovercraft, because such a 
vehicle does not exist in reality. But in movie terms, even if the sound you crated for this 
purpose was entirely synthetic, and not even a caricature or mix of real-world audio, you 
could still conceivably refer to this as foley work. What is it, then, that makes the term “sound 
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effect” meaningful? One interpretation is that a sound effect is a sound created to represent 
something that cannot be approximated by recording a source in the real world. A sound 
effect is a sound that has no meaning in itself, but which can add reality to a game or movie 
through context, such as ‘being the sound’ of something fictional. So in terms of the sound 
design I’m doing as subject for this thesis, I am creating sound effects. Because I am creating 
sound effects for a sci-fi setting, my work inherently represents something “unreal”, and the 
term “sound effect” makes more sense. 
It is interesting; however, that ‘foley’ in the sense of mimicking real environmental audio 
often becomes part of making a sound effect. As an example: if you have something like a 
cannon that fires a huge shell, and you need a sound effect that represents this cannon firing, it 
would be a simple matter to use some recorded audio of a real-life artillery piece firing a 
shell, and edit it to spec. But what if the cannon fired a plasma-charged shell? What if it 
doesn’t use a chemical reaction to propel the shell, but electromagnetic acceleration instead? 
For example purposes, we’ll call this an Electro-Cannon. 
The sound designer would have to be more imaginative to aid suspension of disbelief. In 
addition, the sound designer has a chance to be highly creative, and create a “new” sound. In 
this example, you still have a foley concern (the listener knows what a cannon should sound 
like) but you also have a sound effect concern (the Electro-Cannon cannot simply sound like a 
normal cannon, because the listener can see, or already knows, it is something different). 
So there is a pragmatic element to it, but also a creative element. Here, I would start with the 
sound of a cannon firing, but then alter it, and overlay different elements that are suggestive 
of an electric element – perhaps I would use sounds from power stations, or electric motors, 
as my base. Creating a caricature of real audio, I could convey the general idea of what the 
sound is trying to portray. (Back & Des, 1996, p. 4) 
My point is: when creating sound effects that have root in reality, the sound designer has to be 
aware that there is a tiny bit of “foley” in even the most far-out sound effect. Something has to 
anchor the sound effect to reality. The more “realistic” the setting is, the more important this 
concern will be. Additionally, often foley end up being exaggerated, incorporating qualities 
that make the listener accept the sound for what it is, but with an added flair, twist or element 
of fakery to it(Somers, 2000, p. 2), that causes the sound to be experienced as more appealing 
than the real deal.  I also argue that this could be intentionally subverted as a creative or 
narrative tool. 
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Successful sound design, thus, can benefit both from staying true to reality, and enhancing 
and subverting it – often at the same time.(Back & Des, 1996, p. 2) Audio from real life can 
be seen as raw material for the sound designer to manipulate – both just through listening and 
inspiration, and also literally because of the process of sampling and audio manipulation. I 
argue that the creativity in the process happens both during the selection of raw material as 
well as during the manipulation of the sound into a finished product. 
ABOUT MY BACKGROUND  
- an introduction to my work, modding, and game audio 
I have had a vested interest in sound effects since I was a child and played shareware games 
on my Mac. I noticed the influence sound has on believability, the way a noticeable sound 
sticks in your memory and makes something instantly recognizable. I dabbled in editing and 
recording audio in SoundEdit16
2
, and enjoyed replacing the sound effects in games like 
Escape Velocity
3
, which gave me my first real understanding of how audio is digitally 
represented and manipulated. 
Playing a lot of space games, I noticed the strange suspension of belief that was demanded of 
the player: in space, no sound can propagate, but sound is still needed to sell us on the game 
experience. In addition, the sound effects produced were often very abstract, and thus served 
to mostly inform the player about things that were going on. Other sounds belonged in the 
realm of pure fantasy, such as the sound made by a spaceship accelerating to light speed, a 
strange growing hum that grew into a crackling boom once the ship breached hyperspace and 
travelled to a different solar system. I was mesmerized by the sound designer’s ability to sell 
me on the fantastical and impossible. 
As the years passed, my interest in games kept growing, as did my skill as a hobbyist music 
producer, and I ended up immersing myself in digital production methods for both tasks. 
Around 2006, I finally found a practical outlet for my sound effects: modding. 
Modding, in simple terms, is when enthusiastic amateurs use an existing game/game engine as 
a platform to launch their own game or an expansion of a base game. I worked closely on a 
                                                 
2
 One of the first DAW-like audio editing programs for a desktop computer 
3
 A game by Ambrosia Software, released for Mac OS in 1997 
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mod for the game Command and Conquer: Generals
4
 for two years during this time, 
providing sound effects for tanks, airplanes, white phosphorus strikes, hypervelocity kinetic 
kill vehicles impacting the earth after falling through the atmosphere… for me, it was a 
perfect outlet. 
 
STARSECTOR AND MODDING 
 
I’m going to spend some time explaining aspects of the medium this sound effect will inhabit, 
partly because it makes it easier to discuss some abstract aspects of sound design later on, and 
because it makes it easier to understand what I’m trying to accomplish. 
About three years ago, I found a game called Starsector (then, Starfarer), which was a lot like 
a modern realization of the games that initially sparked my interest in sound design. I ended 
up raising a one-man project called Blackrock Drive Yards
5
, a mod for the game that 
expanded it with a new faction
6
 (the titular mega corporation) as well as a whole host of 
spaceships, weapons and space systems. This is entirely my own project, and it is the first 
time I have had the chance to single-handedly create a cohesive visual direction, sound 
direction and game design direction in one project, not to mention the fiction-writing. 
When it is all combined, it gives me a rare chance to explore how different disciplines of 
media production come together and influence one another. It has been an exciting process for 
me, one that is still ongoing, and some of the insights and experience I have gathered along 
the way have been instrumental in allowing me to write this thesis. 
To give an idea of the aesthetic I try to convey through the sound design I perform for this 
mod, here are a few illustrations taken from mod-related material: 
 
                                                 
4
 A game by EA, released for Windows in 2003 
5
 The origin of Blackrock Drive Yards is actually obscure, and rooted in a different game 
called Battleships Forever, which also had an active ’modding’ community. The idea of the 
faction is close to 5 years old at this point. 
6
 Basically, a political entity within the game, that has its own distinctive brand of technology, 
motivations, set of solar systems it controls, and its own set of relations to other factions 
within the game. 
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Fig. 1: Blackrock Drive yards logo 
 
This project called for a gritty sci-fi aesthetic that allowed me to create a large assortment of 
sound effects and music. It is a work in progress, and as focus for this thesis, I will create a set 
of sound effects for the mod, explain their role and background within the game, how this role 
and background defines the characteristics of the sound, and how the process itself is 
undertaken. 
 
 
Fig. 2: Collage of ships from the mod – all with their own sound effects 
 
SOUNDS IN SPACE  
 
As we have already established, sound does not propagate in space. It therefore speaks 
volumes of the human knack for suspension of disbelief when movies like Star Wars have 
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some of the most iconic sound effects ever created. For my own part, I consider audio in a 
game like Starsector to have both a signaling (semantic) and immersive function. The sound 
must fit into the vibe and the style presented by the game, while also being reasonably 
abstract, iconic and creative, so as to properly differentiate gameplay elements and, frankly, to 
be cool. 
In the end, this approach results in a truly staggering amount of creative freedom.  
The sound effect I am going to create as a focus for this thesis is the sound of a kind of 
weapon. Because Starsector is primarily a game about battles in space, creating a mod for this 
game involves creating a lot of original weapons. For small-caliber weapons that fire often, 
and thus saturate the game’s sound mix, you will generally want to have low-impact, simple 
sounds. In this case, I am creating the sound of a very high-impact weapon, a weapon which 
can only be mounted on large, powerful ships, and is somewhat high-concept, and thus, the 
sound effect will be elaborate. It will receive a higher volume in the game to “cut through the 
mix”, and have several seconds of total duration, allowing me to go into a lot of detail in the 
creative process. I am also creating variations of this sound effect after the initial design 
process, so I can show the challenges and work method used when adapting a sound effect for 
usage in a game, as well as the theories I use when trying to keep the sound consistent 
between variations.  
The weapon is called a Ferrocannon. It is a weapon the size of a small car, which uses super 
conducting magnets to propel a magnetic fluid at relativistic speeds. In essence, the weapon 
performs hydro-demolition
7
 on enemy ships at artillery ranges, and the sound effect has to 
convey the barely-contained energies of the magnets at work, the suggestion of a fluid 
element, as well as the violence with which the fluid is ejected. In addition, the appearance of 
the weapon in-game involves the turret sprite 
8
 opening up to cool off after firing, which gives 
an opportunity to suggest the sound of moving machinery. The visual and audible parts of the 
game should reinforce each other, and because I have complete creative control over both as 
author of the project, I will exploit this to the fullest.  
 
                                                 
7
 The application of high-pressure water to demolish concrete, stone and scrap metal 
8
  A Sprite is a discrete graphical element in a game, representing for instance a character, 
weapon, or background element 
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Fig. 3: Ferrocannons – tracking a target, idle and firing, mounted in a pair on a battleship’s flank in Starsector 
 
 
Fig. 4: Weapon information inside the game, showing the information presented to the player when mounting 
weapons onto a ship, as well as the weapon sprites (The Ferrogun is a smaller weapon that works on the same 
principle) 
 
The above illustrations should give some idea as to the “feel” of the weapon and the overall 
aesthetic that must be reflected in the audio. In a later section, I will delve into more detail as 
to how I will represent the weapon in audio form. Now that I have explained what Starsector 
is, I will discuss some of the ways in which the sound design for games is different from 
sound design for cinema, to provide further context. 
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THE SEMANTIC SIGNIFICANCE OF GAME AUDIO 
 
There is little doubt that sound is a major part of enjoying a game experience, the quality of 
the audio experienced in games can affect immersion and presence
9
 far more than the quality 
of visuals, especially when you consider the method of audio delivery. (Skalski & Whitbred, 
2010) 
But most game audio carries semantic information by nature; it does not only possess 
aesthetic or emotional significance. This is because a game is designed to challenge and 
engage the player, not just immerse them.  In a video game, sound is "semantic"
10
 because 
each sound effect is attached to pieces of the game's internal logic, and thus conforms to its 
rule set. 
In cinema terms, when you consider diegetic versus non-diegetic sound, or “Actual” versus 
“Commentary” sound, in an action game like Starsector, you are dealing almost exclusively 
with “Actual” sound. (Bordwell-Thompsson, Reize-Millar, n.d.) 
Even something like a blip or warning noise that doesn’t stem from an “object” on the screen 
could not truly be called non-diegetic sound, because it reflects an acute, immediate state 
change in the game that the player personally has the responsibility of reacting to. 
Unless one is thinking about ambient noises, for a sound to be played in a game, something 
has to trigger it. In Starsector, this is quite straight-forward: each weapon has a sound event 
specified in the script file that controls the weapon behavior, and when this weapon is fired, 
the game's sound engine looks to the sound configuration file for the correct entry, and then 
plays the sound effect as instructed.
11
 This is just an example in the way of weapon sounds - 
all game events function in a similar way. Each individual piece of audio in a game is thus 
causally linked to a game event. 
                                                 
9
 Presence is the feeling of being part of the game, as opposed to being meta- aware of that 
you are a human being who is playing a game through a computer (for example) 
10
 Meaningful, containing information, or representing a symbol in itself 
11
 All audio in Starsector is ogg vorbis format, handled by .json files that store variables. Each 
sound entry can dictate some programmed variance in pitch and volume for each sound effect. 
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In cinema, this cause and effect must be implied, because the viewer merely passively 
observes the internal logic of what takes place in the movie scene, and does not take part in it. 
The moviegoer can understand these causes and effects, and immerse themselves in the 
movie, but there is a lack of the "embodiment" inherent to video games. This adds a layer of 
abstraction for the moviegoer, which can hamper suspension of disbelief. 
I argue that this is a significant difference between sound design for the cinema and sound 
design for the game, something the sound designer must be aware of. 
When the player listens to the game, the player is not just looking for stimulation. They are 
looking for warning signs, signals, anything that will serve as an indicator of what the player 
might need to react to. Some research has been done on how audio can impact performance in 
highly competitive games, such as Dota 2.
12
 Initial research showed that playing without 
audio negatively impacted player performance in terms of reaction speed and general stat-
based game performance. (Ng, Patrick (University of Newcastle, 2014)  
The player’s hunt for meaningful information happens on a conscious, visual level, but it also 
happens more or less automatically, which reflects how hearing is a more passive sensory 
function in human beings, and visual stimuli tends to command more conscious control. 
Hearing, however, is different from listening - listening is intentional, and once a player is 
aware of the feedback provided by audio inside the game, they will be tuned into active 
listening as opposed to passive hearing. This makes the job of a game sound designer fun, 
because even something like an individual sound effect can end up having a lot of 
significance attributed to it.  
Because the “purpose” and nature of what produces a sound can be entirely abstract within the 
game itself, one can also choose sounds entirely based on their aesthetic merits, with no 
concerns about mimicking sounds produced in reality.(Gärdenfors, 2010, p. 112) 
As a simple comparison, think about the "semantic" meaning of a lion's roar: it’s not simply a 
sound, but a warning, and the signifier of a possible incoming attack. Similarly, the sound of 
a Ferrocannon charging up is not simply a noise- it's the herald of an in-game event, in this 
case, the firing of a weapon. 
                                                 
12
 This game by Valve Software, opened for players in 2011, is played on an international 
basis, with tournaments that have prize pools counted in $6 million USD and rising as of 
2014. 
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The first time the player is exposed to a sound cue - for instance, the charge up and then firing 
noise of a Ferrocannon, this sound will be accompanied by both visual effects and game 
events that anchor the sound's believability. Because the player notices that the sound directly 
signifies an important event (the firing of a dangerous weapon) they will also, by virtue of 
their participation in the game's internal logic, be more inclined to accept that this is what the 
Ferrocannon sounds like. This, however, depends on the sound effect itself – it has to “sound 
like” what it is presented as being. A bad sound effect will shatter suspension of disbelief 
instead of reinforcing it. This forces the sound designer to be both pragmatic as well as highly 
creative. Even entirely abstract, simple sounds could carry semantic information. If they are 
also to be aesthetically pleasing and aid suspension of disbelief, the task becomes more 
difficult. 
Additionally, sound effects serve as confirmation. For instance, once you know what a 
Ferrocannon firing sounds like, you will expect this sound when you fire the weapon yourself. 
If you then hear the expected sound effect, it aids suspension of disbelief. This is why it is 
also important to have sound effects when a weapon hits a ship and causes an explosion, but 
these sounds are already part of Starsector, so I won't discuss them here. 
 
To expand on this argument in the context of Starsector: 
 
Sudden silence in a video game not only carries the effect abrupt silence has on the human 
brain by default, but also robs the player of useful feedback and information in the form of 
game audio. In a less dramatic sense, lessening the player's access to audible feedback can be 
a powerful creative tool. In Starsector, this is partially touched upon by the Phase Cloak game 
mechanic. "Phase Ships" are spaceships that have the ability to slip away into a different 
dimension for a limited amount of time - in the game, this is represented by most of the ship 
fading from view, and only the phase engines remaining visible as glowing energy coils inside 
the ship's now-invisible hull. When the player pilots a phase ship, once they "phase out", the 
game's sound engine applies a low-pass filter to all audio, anchoring the feeling of being 
separate from what takes place in the game. This is intentional - when a ship is phased out, it 
no longer interacts with anything in the game, and shots will pass harmlessly through it.  
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This effect is exploited to even greater effect with the Paragon-class Battleship's Fortress 
Shield - this enormous ship can erect an energy barrier almost impervious to assault, and 
when the player's ship is completely enveloped in this shield, outside audio is reduced to dull, 
muffled noises by means of the game's sound engine applying a global low pass filter with a 
very low cutoff value. This powerfully reinforces the feeling of being protected from, and 
separate from, the rest of the events in the battle space. If this sudden low-pass filtering was 
not causally linked to usage of a Phase Cloak or a Fortress Shield, it would be bewildering 
and confusing to the player. The semantic significance would be lost, and suspension of 
disbelief would shatter. Instead, due to the game's workings, it serves as a powerful tool to 
make the player feel like they are part of the game.  
 
Note that this is all LOGICALLY inconsistent - there is no reason to believe an energy barrier 
would muffle outside audio, especially not in the empty vacuum of space, but because it 
appeals to the naive-realism logic held by human beings (by analogue of listening to audio 
from outside when you're in a basement or sound-proof room, causing lower frequencies to 
weakly carry, but high- and mid-frequency sounds to be absorbed) it somehow anchors the 
believability of both the game mechanics and the game's sound design. 
 
THE LEITMOTIF ROLE OF INDIVIDUAL SOUND EFFECTS  
 
One of my goals with this work is to represent an instant connection between what the player 
hears and what takes place in a game. 
The role of sound design as a tool to emphasize or subvert what takes place on the screen is 
well-explored in cinema. Particularly, if you introduce a sound element early on and then use 
it as a reinforcing or ironic “overlay” later on – as a modern example, the movie Children of 
Men use this heavily, with manipulation of the soundscape in the form of filtering, and the use 
of a tinnitus-like ringing as the leitmotif of alienation and suffering that the main character 
experiences. (Whittington, 2011) This is an example of a use of sound design that is more 
emotional and aesthetic than the semantic usage relevant to an action game like Starsector, so 
I wanted to use this to illustrate the differences.  
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In Starsector, some of the sound effects I make serve as a “leitmotif” for the spaceships they 
are associated with. For instance, a relevant example from Blackrock Drive Yards is an ability 
possessed by the faction’s capital ship. It is a teleportation ability with a long recharge period, 
and a long charge-up once activated, where the ship is vulnerable. When the ship arrives at its 
destination, it causes a dangerous, unstable explosion that cripples nearby ships. To serve as 
an audible warning when this teleporter is activated, I created a twisted, wailing sound effect, 
based on an iconic sound effect from the 1998 space game Ares.
13
  (Sound effect is attached 
as a two-part example on the CD, under Misc audio examples)  
Without this sound effect, the abruptness and danger of this ship’s ability would be jarring 
and annoying to the player, but with the iconic, signaling function of the sound effect, the 
player is more willing to accept the power of the ship as a concept.  
A SHORT SUMMARY OF THE ABOVE REFLECTIONS: 
 
- You want to make sure you create a clear cause-and-effect association in the player’s 
mind, so that they recognize what happened as a clear, specific interaction between the 
elements involved in a game event.  
- Videogame sound effects have a semantic connection with game events. 
- This connection serves to suspend disbelief, if the sound effects are created so they 
“sound like” what is being represented on the screen. 
- Because of this, it is important that I make sure the sound effects I create truly sound 
like what a Ferrocannon looks like, and how the weapon acts within the game also 
needs to influence what it sounds like. 
Being aware of this, it is time to move on to the practical side of things. 
PREPARING THE WORK 
 
Since I know what I want to accomplish, the question ends up being how I intend to 
accomplish it. I touched upon Ben Burtt’s work on Star Wars earlier. When creating the 
sound of something that does not/cannot exist, using pre-existing audio is very helpful 
                                                 
13
 See ”Scalar Deracinator” sound attachment on CD, also see attached video for an example. 
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because it offers familiar timbres, but can be easily warped and repurposed to create 
believability and interesting sounds. I create my sound effects in the same environment where 
I create my music, in FL Studio 11. This is a digital audio workstation with an emphasis on 
electronic music production and sequencing, and indeed my work process strongly resembles 
electronic music production even when I am creating sound effects.
14
 
Because this environment allows you to layer a practically unlimited amount of sound effects, 
synthesizers, effects and whatnot, the freedom is staggering. There exists very little in the way 
of literature on the subject of workflow in such an environment, yet layering in a DAW 
environment with a mixer is a highly efficient way to accomplish the task of creating 
complicated audio. I can basically shape the sound in any and all ways I desire, especially 
how the sound evolves with time, which can be considered one of the core “methods” of 
digital sound manipulation. (Back & Des, 1996, p. 3) 
In a collage work form such as this, it is easy to assemble something that does not sound like 
its parts, and different things can be repurposed to sound entirely different than the source 
audio. Especially when working to create something that shouldn’t blatantly sound like a 
repurposed real-life recording, this work method is very powerful. 
Before I set out to make the Ferrocannon sound effect, I already had a vague sense of what it 
should sound like in my head. Going from there, I can work out what “ingredients” I need in 
order to accomplish the desired effect. 
Audio ‘traits’ of the Ferrocannon weapon can be split into two broad categories: 
FERROCANNON AUDIO TRAITS / DESIGN SHEET 
 
PSEUDO-REALISM 
- The sound needs to give the impression of an electrical/magnetic component. The 
sound should vaguely invoke the impression of electrical capacitance/discharge. 
o Preferably with a bassy component that does not clutter the other frequency 
content of the sound. 
                                                 
14
 FL Studio is a music-making program, even when creating sound effects, you are 
approximating a music-making workflow. 
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- The sound needs to convey the presence of a fluid element, probably with a 
flanging/comb-filtering aspect that mimics the behavior of fluid being rapidly ejected 
in an atmosphere 
- The sound should contain mechanical/hydraulic sounds that hint to the inner 
workings of the machinery that fires the ferrofluid 
-  The sound needs to reflect the power of the weapon. To this end, there has to be a 
noticeable bass content to reflect the size of the mechanical elements involved. 
STYLIZATION/GAMEPLAY 
- The Ferrocannon needs a sound that reflects the fact that in the game, there is a 
charge-up period of 0.5 seconds before the weapon actually fires. Then, there is an 
additional wait time in the animation while the weapon opens up to cool the internal 
magnetic coils, and then closes to refill with fluid for the next firing cycle 
- The sound needs to be distinct. It should not sound like traditional cannons that fire a 
chemically propelled shell, or like a laser or plasma weapon, because it is neither. 
Both in the gameplay and in the fictional background of the weapon, it is separate 
from these things and the player needs to receive this information seamlessly and 
associate the sound with what the weapon represents.  
When the player gets fired upon by a Ferrocannon from off screen and hears the 
sound, the player should instantly realize what they are dealing with. 
Because of this, it is imperative that there is a “standout factor” to the sound 
effect. For reference, think about the sound of TIE Fighter engines from Star 
Wars. What makes this sound more distinctive than, say, the sound of a jet 
airplane, which could, pragmatically, have served just fine as the sound of a 
fictional space fighter’s engines? 
- Basically, the fiction, the appearance of the weapon, the gameplay aspects of the 
weapon, and the sound of the weapon should all reinforce each other’s believability. 
 
Once the goals of the sound design job have been identified, it is easier to visualize how to 
accomplish these things. 
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I am going to be using a host of different methods to synthesize what I require. Because I 
work in the environment of a modern DAW, I have access to complex envelope-controlled
15
 
effect chains that allow me to shape the sound in various ways. I also have a sample library 
with a wide host of different audio that I can use as raw material and ingredients. 
The obvious desire here is to make the player instantly associate what the weapons sound like, 
with what they play like. In Starsector, you need to adapt your strategy based on what type of 
weapon you are facing. The Ferrocannon fires incredibly fast-moving projectiles that deal 
Kinetic-type damage, which are highly effective against energy shields, but easily deflected 
by the ship’s armor coating.16 Because the weapon has a charge-up time before it is allowed to 
fire, I will be able to signal this with a sound effect, meaning I need to create three sound 
effects in total. 
The charge-up sound effect must seamlessly lead into the firing sound effect, so the 
aesthetical concerns will come first, and cutting the audio into the necessary pieces will come 
later. 
 
 
                                                 
15
  For some info on FL’s envelopes: http://www.image-
line.com/support/FLHelp/html/glossary_envelope.htm 
16
 In Starsector, it’s somewhat important to have each weapon inform the player as to what 
damage type they are dealing with. 
http://www.fractalsoftworks.com/starfarer/docs/StarfarerManual.pdf (Damage Types) 
                                                                                             Creating Unreal Audio                22 
 
Fig. 5: My blank FL Studio workspace: the setting for the job to be undertaken. 
 
INFORMATION ABOUT THE PRACTICAL SECTION 
 
In the process of creating these sounds, I continually describe my actions in terms of 
motivation, method, practical concerns and whatnot. In addition, I have bounced in-progress 
sound files that are attached to the thesis. These sound files can be found on the CD under the 
folder In-Progress, and are referred to by their file names. Where relevant, I will include 
screenshots of the work environment to highlight specific elements. In the end, my goal is to 
create a comprehensive understanding of how I ended up with the finished sound effects.  
All text describing the practical process is written in present tense, to help the reader gain 
understanding of my workflow. I will try my best to document all the details and the precise 
order at which I work with the audio, but there are bound to be little tweaks and details that go 
unmentioned. 
For this job, I will use the tools I always use: my personal sound library, the FL Studio 11 
DAW, and my ears. 
When I create a sound from scratch, I tend to mentally break the sound into pieces based on 
what I intend it to sound like, and then work piece-by-piece while assembling the sound 
effect. During this process, pieces intended for one purpose tend to end up being shifted 
around, and a lot of tweaking happens during the final stage of the mix down. I tend to not 
work from reference formally, but in my head I often have a lot of prior sound effects 
spinning around as reference. 
However, for the purposes of this sound effect, I have two reference sounds prepared. They 
are all attached under the Reference folder on the CD, under the name I refer to them with in 
this document. 
- Ref. 1: Railgun sound from Battleships Forever 
o This is a sound effect I created for the game Battleships Forever back in 2009. 
It has a noticeably flanged, almost fluid component to it, as well as a metallic, 
hard-to-define timbre, and a long, tapering tail-end that suggests a projectile 
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shooting off into the distance. It also similarly describes a weapon that works 
by magnetic propulsion of a projectile. I might end up directly sampling this 
sound for texture. 
- Ref. 2: Gauss Cannon sound from Starsector 
o A relevant reference sound, because it is from the game itself. Background-
wise, it is a large ballistic weapon that fires a slug through magnetic 
propulsion, so it is in the same category as my Ferrocannon. The sound itself 
has a nice thud and a hard-to-define, melodic character about it, which serves 
to instantly identify the sound in-game, as well as being aesthetically pleasing 
in itself. It sounds warm and organic, much like classic Star Wars sound 
effects. 
I am not going to dwell too much on these reference sounds. Overall, they serve as an 
example of original-sounding, self-contained sound effects that serve well inside their 
respective games, and they are helpful in narrowing down what timbral quality a “Railgun” or 
“Coil gun”17 firing noise should have. They are also both mono, like my sound effect will 
need to be, and feature the same amount of dynamic headroom
18
 my sound effects should 
have. 
In the following section, every time I exported a wav file from the in-progress sound effect, I 
split the text with a “Snapshot : <file name>” segment, showing the name of the in-progress 
sound file. These sound files are all .wav, 16 bit, and can be found under the In-Progress 
directory on the CD. Each sound is prefixed by “p00 - <name>” where the lowest numbers 
are the earliest snapshots. 
Each snapshot is intended to reflect the state of the workflow at one point in time. At the end 
of the work process, these snapshots along with the text should describe how the final sound 
effect came to be, as well as show how things end up repurposed due to how the work process 
itself inspires new ideas. At some points, I ended up going back and making the snapshots 
retroactively, due to being inspired by the work process. 
The first sound effect I will create is the combined Ferrocannon firing sound and charge-up 
sound. After that, I will use this as a basis to create the variant firing and charge up sounds. 
                                                 
17
 Any weapon that uses electromagnets to fire a slug 
18
  ”Spare room” in dB before the signal reaches 0dB and begins clipping 
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CREATING THE SOUND EFFECT: PRACTICAL ACCOUNT 
PART 1: THE HUM 
 
As a “foundation” for the Ferrocannon sound effect, I decided to start with the most 
fundamental part of the sound itself, as described under audio traits: the hum of the 
superconducting magnets. This sound will be present during most of the sound effect, 
especially during the charge-up phase. I want it to be fading in during the charge-up, and then 
be modulated when the weapon fades out, so it “glues” together the entire sound effect, rather 
like the bass line of a pop song. 
Starting off, I load the GForce Oddity software synthesizer, a duophonic subtractive 
synthesizer that emulates the ARP Odyssey monosynth. This instrument is excellent for raw, 
warm synth tones, and I intend to use it to create an electric humming noise as basis for this 
audio component. 
I tweak the envelopes to have maximum sustain and zero attack/release/decay, so the synth 
produces a steady hum. The Oddity has a lot of traditional modulation options, so I introduce 
a sample-and-hold
19
 based frequency modulation for both oscillator voices to break up the 
monotony of the humming. I also introduce some pink noise to the mix and slightly detune 
the oscillator voices from each other, to create a distinctly un-musical sounding synth wail. 
I am left with a warbling, deep humming noise with a noticeably disharmonic quality. It still 
sounds more musical than mechanical, but this can be remedied by filtering the sound and 
adding context in the form of other noises. 
I feed the audio from this synth to a blank mixer insert and add a low-pass filter. The filter I 
use here is Ohmforce Frohmage, a very colorizing, rough low-pass filter suitable for 
distortion and highly musical filtering tasks. Inside the filter, I add ~5dB gain on the 
Distortion parameter and lower the cutoff until the synth sound becomes a low, groaning 
noise. I increase the number of bands to 16, and the band spacing then tweak the “EVOL” 
parameter to create a sort of static flanging effect.
20
 Either way, when working like this, I 
                                                 
19
 Using a modulation source on the synth as basis for a randomly articulated signal 
20
 The EVOL knob actually time-delays different frequency bands respective to each other, 
creating a strange prismatic audio effect. 
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believe it is more important to know what a tweak will sound like, rather than exactly how it 
works. 
 
Snapshot: p00 – Oddity Synth Wail.wav 
 
I intend to use Frohmage to modulate this sound. Adding resonance to the filter introduces 
self-oscillation
21
, meaning I can potentially modify the perceived pitch of this sound without 
doing anything inside the synth itself. This is useful, because then I can feed other sound 
sources to this mixer channel and modulate them with the same signal chain, making it easier 
to adjust things down the road. 
Then I automate the cutoff value of the Frohmage filter inside FL’s piano roll. Currently, the 
Oddity synth has a single MIDI note triggered, a C3 that lasts for the entire bar. Right now, 
the project’s tempo is set to 140, and since the tempo is largely irrelevant except for as a 
rough guide to how fast FL will process automation and trigger samples, I leave it that way. 
Using the events curve for the Frohmage cutoff filter value, I draw a sloping envelope that 
lasts for one bar, and I notice I immediately get a swelling, powerful sound when I play back 
the pattern
22
. The sound is rather out-of-control due to the very high resonance value on the 
filter, so I tone it down a little, and then automate the EVOL knob on the filter to slightly 
change over time as well. Slightly tweaking the synth and filter parameters yields a rather 
attention-grabbing result. 
 
Snapshot: p01 – Powerful Synth Swell.wav 
 
This sound has a very interesting early transient to it brought on by the flanging effect 
controlled by the EVOL parameter. There is an intriguing character there, which reminds me 
                                                 
21
 The resonant frequency of the filter gets so powerful that it turns into an audible tone 
22
 In FL, a song is made up of patterns, individual ”blocks” of MIDI data that can be arranged 
after each other on the playlist. Each pattern can contain any number of MIDI-triggered sound 
generator plugins, as well as automation data, and be of any length. 
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of a rocket maneuvering through an atmosphere, or possibly a high-pressured water jet 
moving relative to the listener. These are both sonic qualities I can exploit to give character to 
the Ferrocannon sound. I notice the sound is almost clipping in the dB meter on the master 
fader, so I attenuate
23
 the Oddity mixer track a bit to keep it in line. 
I tweak the envelopes for a while to see how the sound acts under different speeds, and then 
end up at something like half a second of total duration, in keeping with the 0.5 second 
charge-up of the weapon inside the game. I pitch
24
 the synth down to a C2, and then, 
reintroducing resonance to the filter adds a nice, hollow rumble to the sound, suggestive of 
size or the source of the sound being somewhat buried, which I feel adds an impression of 
depth.  
At this point, I decide I want to trawl my sound library for inspiration. Like Ben Burtt and 
most other sound designers, I have slowly amassed a large amount of clippings, recordings, 
bits and pieces of different projects as well as sound effects taken from various games, to use 
as inspiration and raw material. In this case, I am looking for something that can introduce an 
element of modulated noise, and I end up with a recording I ripped from a YouTube video of 
a TGV train passing a station at full speed.
25
 This sound has a lot of odd, melodic, Doppler-
shifted whistling to it, and while the sound quality itself is not very good, it could be useful 
buried in the mix to add an element of “reality”. I find a particularly pleasing snippet of 
whistling, trim off the rest and then sample this snippet into the pattern and play it from the 
piano roll, starting at the 0.5 second mark, so it begins when the charge-up sound ends.  
                                                 
23
 Lower the volume of the signal 
24
 Pitch shifting - changing the base frequency of the sound being played, in this case. 
25
 Sadly, I cannot remember the URL of this video, but it was a private recording of a passing 
train by a tourist 
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Fig.6: The envelope controlling the Frohmage filter’s cutoff value at this point. 
 
I extend the synth hum part so it swells and then slowly fades out after the introduction of the 
TGV train sample, then add a slight delay effect to the train sample to make its introduction 
and absence less dramatic to the ears. The sound effect is now starting to resemble a 
conceptual, rough sketch of what the final result might sound like, dramaturgically. 
 
Snapshot: p02 – TGV train whistle.wav 
 
PART 2: SKETCHING OUT THE TRANSIENTS 
 
At this point I am starting to think about what sort of transient the sound of the weapon firing 
should have. The whistling noise of the TGV train could serve as a pleasing tail-end for a 
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sharper transient. I realize that the actual “firing” portion of the sound is rather anemic as it is. 
The most obvious thing that would help it gain “body”, to me, is bass, so I load up a kick 
drum synthesizer (FSM Kick XP) and synthesize a low, tapering bass pulse with hardly any 
mid-range content and trigger it simultaneously with the TGV sample. I add algorithmic 
reverb (Valhalla VintageVerb) to the TGV sample’s mixer track to further round it out, and 
then I look around the sample library for something to use as raw material to round out the 
bass pulse. 
I land on a scratching sample from a hip-hop sample pack that features a simple back-and-
forth scratch. I want a big, booming noise, so I load it into its own mixer track, and add a 
really wet, warm reverb effect to the signal chain (Valhalla VintageVerb) as well as a 
distortion effect (Fruity FastDist) until the sound’s identity as a scratch sample is completely 
evaporated. I then heavily compress the signal by adding a stereo compressor (AudioDamage 
RoughRyder) and at this point I am only left with a loud, booming bass noise with a fuzzy 
character to it and the remnants of a complex transient at the very start of the sound. 
I realize this would be a good time to sketch out the transient
26
 of the firing noise, so I load up 
another Oddity synth, set it to only produce white noise, and then load this signal into its own 
mixer track. I add a Frohmage effect to its signal chain, along with distortion and a flanger 
effect (Fruity Flangus). I automate the cutoff value on the Frohmage in a jagged pattern so I 
am left with a strange, complicated transient that mixes together with the TGV sample and the 
scratch and kick drum bass pulses into something my brain ends up perceiving as one sound. 
This is where I utilize some music production tricks into the workflow, namely mix bussing. I 
take the Oddity noise track, the scratch track and the kick drum track and bus them all 
together into one track, making sure they only send audio to this track. 
Now that I have all these “component” sounds available for manipulation on one track, I have 
the opportunity to create a noisy, powerful sound with a transient content shaped to my 
specification – basically, the meat of the sound. I know that I want something that sounds 
powerful and dramatic, but I don’t want to emulate the sound of a traditional, chemical-
propellant cannon being fired.  
                                                 
26
 In traditional terms, the transient is the change in percieved loudness of a sound over time. 
As opposed to controlling the volume of my sound sources here, I control the cutoff value of 
the filter, because it creates a more organic, convincing transient. The low-pass filter removes 
enough frequency content that there is a percieved change in loudness nonetheless, but retains 
’body’ in the sound. 
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Going back to the fictional background of the weapon, it is likely a strong bass pulse here 
would be generated by material stresses as powerful magnets are switched on and off, rather 
than by the expansion of hot gases as in traditional cannons. It is also likely the fluid itself 
would generate some kind of bassy noise in addition to a hiss – this is all speculative, 
naturally, given we are making sounds for a space game, but this anchoring in reality is 
important to ensure the sound is interesting and believable. Basically, I operate under the 
assumption that the sound is heard partly from within the ship’s hull, and partly from within 
some sort of atmosphere. Mostly, the sound is made to speak to the listener, and inform them 
of what is going on. 
I play back the audio and notice that the compression is doing a lot of interesting things to the 
sounds. I decide to shape the mix bus’ output into a controlled transient too, so I load up a 
multi-filter plugin (Fruity Love Philter) with a low-pass filter and phaser enabled, and draw a 
complicated envelope shape around the loudest part of the bass pulse, experimenting for a 
while until I find something that sounds interesting. I create a delayed transient, where the 
sound first grows, then briefly ducks away, and then grows and shrinks, to break up the 
busiest part of the sound and develop a more interesting “dramaturgy” in the sound effect. 
I notice the TGV sample is drowning out in the background, so I clone the sampler, trigger it 
side-by-side with the other sampler, and then feed audio from the TGV samplers’ mixer insert 
to the Love Philter bus to help add more substance to the transient I just created. Then I add 
another compressor to the bus (Elysia Mpressor) and tweak the parameters until I have a 
setting that seems to naturally enhance the most intense part of the sound. 
At this point I add a limiter to the master fader to squish everything together and make sure 
the bass pulse doesn’t clip the audio when played over the Oddity synth swell. 
 
Snapshot: p03– Complex Bass Pulse.wav 
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Fig.7: The envelope controlling the bass pulse cutoff value 
At this point, I would say the meat of the sound effect is really coming together. I like the way 
the synth swell builds into the powerful “explosive” part of the sound effect, and I think my 
approach in working with the “charge-up” part of the sound constantly in mind will pay off, 
as the sound effect will never be heard without the preceding charge-up inside the game. 
I experiment a bit at this point, to find ways to add sonic complexity to the sample. I know I 
want to add more mid-and high frequency content to the sound – at this point, it’s obvious 
that the bass register of the sound effect is extremely busy. 
I add a very powerful compression effect to the bass pulse bus (RoughRyder, default setting) 
and notice that the reverbs from the scratch and TGV train inserts sound suddenly longer and 
richer, because the compressor adds a lot of gain to the weakest part of the reverb tail. The 
phaser on the Love Philter adds a very interesting up-and-down comb filtering effect to the 
very end of the reverb tail, too. I decide this might become useful for later, so I solo the 
relevant mixer tracks and bounce out the sound. 
 
Snapshot: p04– Compressed Bus Reverb Tail.wav 
 
This snapshot is the individual bounce I ended up sampling, not the master output. 
I load this bounce into a sampler, disable the RoughRyder and start playing around with the 
sample. I notice that when pitched up an octave, the sound takes on a distinctively howling 
character, which intrigues me. I add it to the mix. At this point, I notice I am more or less 
becoming deaf to the Oddity synth part of the sound, which has been unaltered for a long 
time, so I start slightly tweaking it to refresh my ears and make sure I actually hear what is 
going on there. I notice the “compressed bus reverb tail” sample doesn’t blend in with the rest 
of the sound, so I send it to a blank mixer track and then bus this track to the Love Philter 
transient bus. At this point, I get an idea, and I switch the Love Philter’s filter mode from low 
pass to high pass, allowing me to use the exact same cutoff automation to produce an entirely 
different effect. Now that the bus also modulates the reverb tail bounce, the summed audio is 
very complex and adds up to an interesting mid-high frequency noise that reflects the bass 
part of the sound (which is now inaudible, because the Love Philter is set to High Pass). 
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Because I want to keep what the Love Philter does to the sound when it is set to Low Pass, I 
bounce out this audio and sample it, then switch the Love Philter back to Low Pass, allowing 
me to keep the best of both worlds. 
 
Snapshot: p05– Highpass Bus Transient Bounce.wav 
 
This snapshot is, again, the individual bounce I ended up sampling, not the master output. 
Note that this bounce now incorporates part of the compressed bus reverb tail sample, but it 
has been resampled at a much higher pitch. This adds a higher-frequency reflection of the 
bass pulse to the sound, which I feel fills up the spectrum quite nicely. 
Going back to the Oddity synth, I decide the noise mixed in by the synth doesn’t really add   
much to the sound, and since you have to choose between adding noise and adding ring 
modulation inside the synth, I add some ring modulation instead. At this point, there are two 
Oddity inserts that are clones of each other and both send to the same mixer track, layered so 
they are triggered at the exact same time.
27
 
 I add a slightly varied amount of ring modulation to each Oddity, and then adjust the 
cutoff/EVOL automation on the Frohmage filter until the sound takes on a more dramatic 
character, drawing an up-curve around the “firing” part of the sound so that I get a slight 
“peow” noise, reminiscent of the stereotypical laser sound, to add more melodic character to 
the sound. Then I add a chorus effect (TAL Chorus LX) to the hum mixer track, adding 
further modulation to the sound. I attenuate the TGV train samples to add more space for this 
new element, as well as to make room for more high-frequency content to be added. 
 
Snapshot: p06– Getting Somewhere.wav 
 
                                                 
27
 Layering synths is a fundamental of electronic music production. In FL Studio, a layer is a 
type of instrument plugin that can have any number of instruments slaved to it, allowing you 
to trigger an unlimited number of instruments from MIDI effortlessly. 
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Right now, the sound is starting to reflect the Ferrogun Audio Traits table from earlier in the 
text. There is a considerable electric hum that modulates to reflect the activity of the magnets 
in the weapon, and a hissing noise to reflect fluid leaving the weapon barrel. In addition, there 
is a bass pulse that adds the impression of power, size and punch to the sound. 
 
PART 3: ADDING CHARACTER AND POWER 
 
Right now, the problem with the sound effect is that it still sounds too skeletal. The 
groundwork is there, but I need to ensure that the sound ends up sounding complete and 
organic. I currently want to add more high-frequency content to the sound to round out the 
firing noise, so I go trawling the sample library for something to work from. Listening to a 
break beat
28
 drum sample titled kick_back.wav gives me an idea, so I load the first part of it 
into a blank sampler, filter out all the low frequencies, and then add a delay and flanger to the 
mixer insert. I tweak the envelope of the sampler to have zero attack/decay/release and 
maximum sustain, then in the piano roll, I trigger it twice in the busiest part of the firing 
noise, once right before the bass pulse starts, then right after, making the second note a tad 
longer than the first one. This adds a metallic, hard-to-define, very bright noise to the mix, 
mostly from the cymbals in the drum sample. 
The high pass bounce sample gets frequency-masked
29
 by this new, high-frequency sample, 
so I add an equalizer to its mixer insert (Fruity Parametric EQ II) and draw a peak around the 
300 Hz frequency range, where most of the hollow howl-like character of the sound resides. 
When combined, these two sounds now blend to create a very intense high-frequency noise. 
 
Snapshot: p07 - More High-Frequency Content 
 
When combining individual samples like this, I have to be aware of some of the same 
concerns a mix engineer would have to pay attention to when mixing a song. Each element 
                                                 
28
 A style of drum beat with a syncopated ”break” in the middle of each bar 
29
 When two sounds with the same frequency content get played at the same time, the human 
ear cannot differentiate the sounds from each other 
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has to occupy its own niche in the frequency spectrum, and mid-range sounds tend to be heard 
more easily than low-range sounds. To this end, I have already ensured that the bass pulse in 
the mix is at a much higher volume than the high frequency content I am now adding. 
Because I am making a mono sound, I can’t add stereo separation to differentiate mix 
elements either, which forces me to be extra aware of frequency masking and phase 
cancellation.
30
 
On the other hand, because I am creating a weapon firing noise, having different samples 
slightly distort each other or become soft-clipped by distortion and compression plugins is not 
really a problem – it just adds more power to a sound that, in essence, is intended to reflect an 
explosive, chaotic and powerful physical process. This is why I have applied limiting and 
compression very liberally so far, and also why I am not afraid of working in the “mixing” 
phase with compression plugins on the master track, something you should be extremely wary 
of doing when mixing music.
31
 
At this point, I tweak all the existing samplers a bit to add “organic” character to the sound. 
When I feel satisfied with how the “mix” sounds, I go back to the sound library. This time, I 
decide to sample one of my own older sound effects, “PDPFire.ogg”, a sound from Blackrock 
Drive Yards used by a weapon that fires a beam of plasma. This sound has a nice midrange 
content that could be shaped by filters and buried under the other sounds in the mix to round 
out the body of the sound. I trigger it from a sampler and notice the sound mostly drowns out 
in the mix, so I send it to a blank mixer track and start experimenting with effect chains. After 
applying a Frohmage effect once again, I notice that wildly automating the EVOL parameter 
with an envelope produces a granulized, distorted, pseudo-delay effect. Since the actual 
PDPFire sound drowns in the mix, and the distorted delay cuts through and adds a very 
interesting, new aspect to the sound, I decide to keep it. Its sound is very hard to define, but it 
is very “digital”, almost bit crushed, yet it has a lot of fidelity. I find that it works very well to 
suggest the fluid portion of the weapon’s working. It certainly works as a “caricature” of 
actual real-life fluid noises, and intentional caricature and exaggeration of real-life noises is a 
powerful tool for the sound designer. (Back & Des, 1996, p. 4) 
                                                 
30
 The phenomenon where sounds that are on the same frequency but out of phase with each 
other reduce the percieved amplitude of each signal or entirely cancel each other out 
31
 Working with a limiter on the master track while still adding elements and adjusting levels 
of the individual tracks could very easily delude the producer as to where problems in the mix 
actually arise. 
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I automate a volume envelope for the mixer track with the Oddity synth hum, because the 
“fadeout” part of the sound is a tad too loud and bassy. When everything is played together, I 
feel for the first time that the sound effect now sounds like a self-contained noise produced by 
something, rather than a sum of many different parts. 
 
Snapshot: p08 – Rounded Out 
 
At this point, I decide I pretty much feel satisfied with the sound effect. I need to evaluate 
how it feels in the game before I can decide if it truly works, but the aesthetic feels satisfying. 
At this point, I go back to the design sheet I laid out before I started working on the sound 
effect, to see if it will give me any obvious ideas or insights I might have missed during the 
process of designing the sound. I feel that the sound reflects every concern I laid out, perhaps 
minus the “mechanical/hydraulic” realism concern. 
There is an argument to be made here that adding bright, mechanical noises would undermine 
the feeling of size the current sound effect conveys. I still think it could be an interesting 
source of detail, however. I also want to add another sample to make the sound less clean and 
digital-sounding. 
Trawling the sample library some more, I end up using a couple of other sounds I made in the 
past – one spin-down sound effect used for a rotary cannon32 in C&C Generals 
(HeavyGattEnd) and part of a very complicated, long sound effect I never ended up using, 
called Godpulse_charge. I cut an interesting piece from the Godpulse sample and mix it into 
the middle of the sound to add a wheezing, melodic sub character to the sound, and then I 
pitch down the HeavyGatt sample and add an envelope to the sampler, making sure I only 
hear a small, metallic clank. I add the clanking noise to the very start of the charge up part of 
the sound effect. 
When everything is played together, the sound effect now has more presence and detail. 
 
                                                 
32
 The metallic, clanking noise of a gatling gun that is in the process of slowing down. 
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Snapshot: p09 – More Samples 
 
While bouncing out these snapshots, I have noticed that each bounce tends to impart a slightly 
different character to the sound, especially the hum. I realized that this is a result of how the 
sound effect is set up inside FL studio, and can be seen as an inherent advantage of using 
synthesis instead of recording and samples for parts of the sound effect. The sample-and-hold 
triggered parts of the hum synths will always act a little differently every time you play back 
the audio. 
The reason I call this an advantage is because I generally tend to export 2-3 variations of a 
given sound effect for usage within the game. When the weapon is fired in the game, these 
sounds will be chosen among randomly. Having the FL studio project generate slightly 
different Ferrocannon sounds in this way, as opposed to simply having “made” a finished, 
inert sound effect in the form of a .wav file, is very practical, and the biggest advantage of 
working within the trappings of a digital music production workflow. You could see the FL 
studio project as a sort of device, like a printing press, designed to create the noise a 
Ferrocannon makes when it fires. The end result, or final product, is the audio files bounced 
out from this project, but you can view snapshot p09 as the “finalized” Ferrocannon sound in 
the aesthetic sense. 
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Fig. 8: All the sound generators involved in the file as of Snapshot p09 
 
PART 4: BOUNCING AND CREATING VARIATIONS 
 
I consider the creation of variations to be an integral part of creating sound effects for games. 
Because the end product of this sound creation process are the sound files themselves, I tend 
to use the FL Studio project I have built up as a sort of tool to help shape these variations. By 
slightly altering the component parts of the project and how they interact, I can create subtly 
different instances of what ends up being a fundamentally similar sound. In addition, being 
able to show the listener how multiple instances of the same sound can be different yet similar 
reinforces believability, and makes the sound seem more alive and organic. I have developed 
a theory around the process of creating these variations during my years of working on sound 
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effects, cornerstones of my personal workflow. It makes a set of assumptions that I have 
generally found to hold true, which have provided good results when applied to my own 
work. 
1: Variations in pitch and tonality tend to undermine the character of the sound more than 
variations in transient shape. 
In short, when making variations you have to display a different side of the same 
sound while still signaling to the listener that they are hearing the same thing. I have 
discovered that altering pitch and tonal character can be effective while subtle, but if 
making a dramatic variation, it can be more effective to vary the character of the 
transient. 
When hearing a sound in two different locations in the real world, it is also more likely 
to hear a slightly different transient with environmental comb-filtering and high-
frequency cutoff, than it is to hear the exact same transient with a different perceived 
pitch. 
2: When creating a transient variation, removing volume is more effective than adding 
volume. Changing shape is okay as long as overall volume is kept similar. 
Usually, the loudest part of a transient will need to remain mostly the same between 
variants for the illusion of the sound being ‘the same thing’ to remain intact. 
3. The less frequently a sound is repeated, the less variation you have to create. However, the 
more detailed a sound is, the more jarring a lack of variation becomes to the listener. 
4. ‘Reducing’ something is easier and more effective than adding or increasing something. 
For instance, you could reduce a part of the sound in duration by using transient time-
stretching, without varying the perceived pitch. You could lower one part of the sound 
in volume, causing other parts to stand out more. This also automatically ensures that 
most of the sound’s original character is retained. 
 
When going into the process of creating Ferrocannon variations, I try to be aware of these 
concerns. 
                                                                                             Creating Unreal Audio                38 
 
Starting off, I have to separate the sound effect into its two parts, the charge-up and firing 
phase. I will accomplish this by simply recording the entire sound effect into FL Studio’s 
audio editor, Edison, and then trimming the sound as required. Then I can extract each sound 
and do the final editing afterwards. 
I record the sound into Edison, which sits in the master track of the FL Studio project, acting 
like part of the effect chain, while playing back the entire sound effect. I trim the audio, 
knowing the current charge-up is longer than the in-game charge-up, I time stretch the entire 
charge-up phase of the sound to a total of 600ms duration, down from its approx 800ms 
duration, and then add a fade-out to the very last portion of the sound, so the total sound 
duration approaches 500ms or 0.5 sec. I amplify the sound effect by 20% to make sure it gets 
heard within the game. I save the sound file as a .wav (for documentation) and .ogg (for the 
game), both mono, 44100Hz sample rate for the wav, and 22050Hz for the .ogg. Then I repeat 
this process, recording another playback of the FL Studio project into FL studio, noticing 
merely playing the sound twice has caused the sound to naturally vary, and save it as the 
second variation. Because the charge up sound is fairly simple and distinct, I decide against 
recording further variations – two should be enough. 
Moving on to the firing sounds, I repeat the recording process, cutting out the charge up part, 
and adding a fadeout to the end of the sound where the last reverb tail and hum fade-down 
begins to fade into silence. The sound neatly sits at close to 0dB without clipping, which is 
fine given it is supposed to be one of the loudest sounds inside the game. This unaltered sound 
will serve as variation one. I save it in the same formats as the charge up sounds. 
After saving variation one, I go back to the project file and start looking at ways to vary the 
sound for the two next bounces. I decide the most iconic part of the sound is the hum and the 
sharp, digitally distorted PDPFire sample, so I decide to subtly alter these, along with altering 
the “dramaturgy” of the transient in the busiest part of the sound. I change some parameters 
on the Oddity synths generating the hum – tuning, amount of ring modulation and LFO 
speed
33
 are all slightly changed, then I slightly change the envelope curves controlling the 
PDPFire character until the sound seems a tiny bit more choked and less fizzy. I then move 
the PDPFire sample to a slightly earlier point in the piano roll, making it trigger a tiny bit 
                                                 
33
 LFO - Low-Frequency Oscillator, an oscillator that outputs a signal that can be used to 
control one or more parameters on the synth, for purposes of modulation. In this case, it 
controls how fast the Sample-and-Hold signal is forced to change, and in turn, how fast the 
sound is modulated. 
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earlier than in the standard variation. Coupled with the compressors working in the signal 
chain, this makes the entire sound feel more “immediate” and slightly more subdued, while 
still sounding like itself. The PDPFire sample in the original variant is like a response to the 
sharp, loud transient in the bass pulse part of the sample, while the one in this variant 
intermingles with the loudest part of the sound, swallowing it up while still leaving its 
presence felt. 
Finally, I slightly change the cutoff envelope on the Frohmage filter modulating the hum 
synth signal chain to bring it up in the mix, then I record and export the sample. 
Because I want these sounds to sit at the “top of the mix” compared to other sound effects in-
game (due to the fact the Ferrocannon is one of the largest weapons in the game) and thus 
receive a lot of attention, I leave them at 44.1 kHz even when exporting the .ogg. 
Next, I save this version of the FL studio project file as a new file, and reload the unaltered 
“original” version of the project to create the third variation. Because the first variation has a 
“call and response”-type firing transient, and the second one a more subdued, all-at-once 
transient, I want to create a staggered transient for the final variation, where there is a drop in 
volume in the middle of the busiest part of the sound. I also want to attenuate the humming 
somewhat more in this sample. 
I start by upping the overall cutoff level of the hum filter automation, increasing the ring mod 
on both hum synths, and increasing the resonance level in the Oddity synths’ internal low pass 
filters. I draw a more generous cutoff automation curve for the hum synths, bringing them to 
the front of the mix, and also make sure the curve consists of an M shape, with a drop in the 
middle of the loudest part of the sound. 
Next, I shift the PDPFire sample a little further back in the mix, making it produce a “hole” 
after the bass pulse, where there isn’t a lot of sound being heard. This duck in volume is the 
staggered transient, and it causes a more subdued version of the “call and response” effect in 
the first variant to be heard, almost as if you are hearing an implosion. To slightly fill in this 
sudden vacuum, I add more volume to the Godpulse sample and draw in a new note triggering 
the kick_back sample. I also slightly change the parameters on some of the filters controlling 
various samples to create minute differences from the other variations. 
Listening to each of the variations back-to-back, I feel satisfied with the amount of divergence 
each variation displays from the others. Ideally, when played in-game, these show a different 
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“facet” of the sound, as if one is hearing it from slightly different places, or as if the chaotic 
energies involved in firing the weapon cause the sound to be heard slightly differently each 
time it fires. 
Reviewing the final set of samples: 
Charge-ups: 
1: Ferrocannon Chargeup Final 01.wav/.ogg 
2: Ferrocannon Chargeup Final 02.wav/.ogg 
Firing sounds: 
1: Ferrocannon Fire Final 01.wav/.ogg 
2: Ferrocannon Fire Final 02.wav/.ogg 
3: Ferrocannon Fire Final 03.wav/.ogg 
All of these samples can be found in the Final folder of the CD, in respectively .wav and .ogg 
folders. 
 
REFLECTING UPON THE PRACTICAL WORK 
 
When looking at the job I’ve just undertaken, I found that it helped a lot to put down an 
overview of the fictional concerns that went into the weapon’s background. Having the 
“story” in mind while preparing the work, made it easier to limit myself while adding 
elements to the sound effect. 
To review the elements of the sound I had planned out in detail, I have the most relevant parts 
of the list I set up under FERROGUN AUDIO TRAITS, with some editing for brevity.  
PSEUDO-REALISM 
- The sound needs to give the impression of an electrical/magnetic component. […]  
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Here, the hum provided by the synthesizers and the modulation I included serves as a 
comfortable underlay for the entire sound effect, anchored in the idea of powerful magnets 
driving the firing mechanism. I think this one turned out quite well, and I’m especially happy 
because I was able to work entirely from synthesis. 
 
The sound needs to convey the presence of a fluid element, probably with a flanging/comb-
filtering aspect that mimics the behavior of fluid being rapidly ejected in an atmosphere 
- The sound should contain mechanical/hydraulic sounds that hint to the inner 
workings of the machinery that fires the ferrofluid 
-  The sound needs to reflect the power of the weapon. To this end, there has to be a 
noticeable bass content to reflect the size of the mechanical elements involved. 
In the end, I feel like I could have spent more time trying to come up with a more accurate 
reflection of this. The high-pitched TGV Train samples and the distorted, flanged hissing does 
suggest a fluid element, though, so I was able to incorporate this into the sound effect. 
Preferably, I would have done some in-the-field audio recording to gather samples for this, 
Ben Burtt-style. The ‘inner workings’ mostly ended up coming through in the slight metallic 
clank I added to the very start of the charge-up sound. 
STYLIZATION/GAMEPLAY 
- The Ferrocannon needs a sound that reflects the fact that in the game, there is a 
charge up period of 0.5 seconds before the weapon actually fires. Then, there is an 
additional wait time in the animation while the weapon opens up to cool the internal 
magnetic coils, and then closes to refill with fluid for the next firing cycle 
Here, the humming provided by the synthesizers provides the lead-in to the firing sound. I 
omitted mechanical noises, because I realized that adding high-pitched, detailed sounds would 
undermine the feeling of size the weapon should convey. If there is a loud weapon firing, it 
drowns out any sounds of servos, mechanical latches or other “details”. 
A problem I encountered here is the fact that I relied on time-stretching the charge-up sound 
to spec after creating it, rather than just drawing the envelopes to always be a total of 0.5 
seconds in length inside FL studio. This probably affected my choice making while editing 
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the sound effect, and also surprised me when I realized how short the charge-up sound 
actually was. 
- The sound needs to be distinct. It should not sound like traditional cannons that fire a 
chemically propelled shell, or like a laser or plasma weapon, because it is neither. 
[…] 
Because of this, it’s imperative that there is a “standout factor” to the sound effect. […] 
I think this part ended up being a success. I noticed that the downwards pitch modulation of 
the humming part of the sound slightly reminds me of a more traditional sci-fi laser sound 
effect, but it still sounds distinct enough to stand by itself, and the association probably makes 
the sound effect ‘easier to swallow’ for listeners and players that aren’t super familiar with 
spaceship games. 
- Basically, the fiction, the appearance of the weapon, the gameplay aspects of the 
weapon, and the sound of the weapon should all reinforce each other’s believability. 
This one is a success. After testing the sound effect inside the game, it took me only a minute 
or two to accept the new sound over the old placeholder, but of course the verdict on this one 
is tough to conclude without third-party feedback. However, because I chose to plan the 
sound design job around the weapon’s underlying fiction, I feel like the sound effect stayed 
true to my idea of how the weapon actually works.  
I look forward to seeing how my mod’s audience will react to the new sound effect, of course: 
this will be the final test of my method’s validity. Unfortunately, that goes beyond the scope 
and timeframe of this thesis. 
 
CONCLUSION 
 
I have found that an entirely digital workflow is well suited to producing sound effects for 
fictional purposes. While working on the sound effect, I discovered that having a well-
formatted design sheet for the fictional object to-be-represented was highly beneficial, 
because it allowed me to anchor all my creative choices in individual concepts. By focusing 
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on one concept at a time, I could reduce it from fictional traits into audible traits, and then, 
once the entire sound effect was assembled, it still stayed true to the fictional background, due 
to me having split the job up into pieces based on the design document. 
Overall, I feel that I was able to reflect the conceptual basis of the weapon through the sound 
effect, and that the sound effect also carries well within the game itself. 
I’d have liked to spend more time on the theory behind creating good variations, and possibly 
anchor my theories around some more literature on audio dynamics specifically, although part 
of the purpose of showing my thoughts on the matter, was to display the specifics of my own 
personal workflow. Giving insight into the work flow of a person that does sound design was 
one of the chief goals of this thesis, and I feel that, to a reader reasonably well versed in audio 
terminology, it has accomplished this goal. 
 If possible, I would have liked to delve deeper into what exactly I listen for and how my 
brain treats aspects of the audio as signs, traits, and discrete “items” for judgement and 
manipulation, but I feel like one would almost need an entire thesis in itself to establish a 
vocabulary for that sort of undertaking, although there are a few pieces of literature I’ve 
looked at, like Micronarratives in Sound Design (Back & Des, 1996) which tentatively helps 
to establish a sort of foundation for this field of research/study. For the time being, a 
terminology rooted in music production served well enough to describe my actions. 
APPENDIX / ATTACHMENT GUIDE: 
The CD contents can also be accessed online from this URL (temporarily, as a backup) 
https://dl.dropboxusercontent.com/u/32517861/CD.zip 
CD Contents: 
CD is data formatted, to be opened on a computer and read by a file explorer. The CD is not 
playable in a living room CD player or to be opened as audio. 
CD/Audio/Final: 
Contains all the the final sound effect variations in .wav and .ogg format. 
CD/Audio/In-Progress: 
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Contains the sound files documenting the practical work process, in .wav format. 
CD/Audio/Reference: 
Contains reference audio. 
CD/Audio/Misc. Sound Attachments: 
Contains some audio alluded to in the text, or that is relevant to the text. 
For more information on Blackrock Drive Yards: 
http://fractalsoftworks.com/forum/index.php?topic=4018.0 
(Blackrock Drive Yards thread at Fractal Softworks Forum (Starsector 
development/community site) 
GLOSSARY 
Sample 
A piece of audio cut from its original context/source and repurposed 
Sampler 
A program, device or insert designed to manipulate small pieces of audio and/or play them 
like an instrument 
Granulizer/Granulization 
A digital effect where a sound is cut into microscopic pieces and either rearranged, shuffled, 
or otherwise manipulated to cause a wide range of effects 
Timestretch 
A digital effect that alters the length of a sound, often without changing its perceived pitch 
(For perceived pitch alteration, see Resampling) 
Resampling 
                                                                                             Creating Unreal Audio                45 
 
Playing a sample at a higher or lower-than-natural pitch, forcing the sampler to alter the 
sampling points of the audio. Can also be used about sampling something you have bounced 
from your own project. 
Insert 
Either used about an individual mixer channel, or about an individual synth/sampler/other 
instrument within the DAW 
Filter/Cut-off/Low-pass/High-pass 
An audio processing effect that alters the frequency content of the audio signal. Low-pass 
filters remove frequencies above the cut-off value, high-pass filters remove frequencies below 
it. The Cutoff frequency is the threshold at which the effect begins to process. 
DAW/Digital Audio Workstation 
A modern application designed to sequence, edit, compose, and arrange music and audio. 
Sprite  
A discrete graphical element inside a game. 
Ferrofluid 
A liquid that has magnetic properties due to being saturated with magnetic particulate matter, 
such as iron filings (hence Ferro, from iron) 
Bouncing/Bounce/Rendering 
Rendering a sound file from inside a DAW 
Gameplay 
A catch-all term for how the rule set of a game and its mechanics combine to create the 
experience of playing the game 
Transient 
A term for the time-based change in amplitude of a sound. Also used, interchangeably, about 
the frequency richness or “intensity”, in a perceived sense, of a sound. 
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Attack/Decay/Sustain/Release 
Explanatory terms used about transient shaping. Attack is the period of time where the sound 
is building up to its maximum intensity. Decay is the ramp-down from the point of maximum 
intensity to the Sustain level, which is the level the sound “remains” at until the sound is 
interrupted, and then Release is the time it takes for the sound to fade off into silence. 
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